Village chicken or Ayam Kampung, common to Southeast Asian countries, has always been regarded as superior in comparison to commercial broiler chicken in terms of wholesomeness and health benefits. The current study investigates the prevalence and risk factors of Salmonella among village chicken flocks from the central and southern states of Peninsular Malaysia. A total of 35 village flocks were sampled from Selangor (n = 19), Melaka (n = 10), Johor (n = 4), and Negeri Sembilan (n = 2). In total, 1,042 samples were collected; these included cloacal swabs (n = 675), eggs (n = 62), pooled drinking water (n = 175), pooled feeds (n = 70), and pooled flies (n = 60). Isolation of Salmonella from cloacal swabs, poultry drinking water, and feeds was carried out according to the protocols and recommendations of the World Organization for Animal Health (OIE) terrestrial manual. The prevalence of Salmonella at an indi-vidual bird-level was 2.5% (17/675, 95% CI: 1.6 to 4.0). All eggs screened were negative; in the case of environmental samples, however, Salmonella was detected in 5.14% (9/175), 7.14% (5/70), and 5.0% (3/60) for water, feed, and flies, respectively. A total of 34 isolates and 8 Salmonella serotypes were identified. Weltevreden (20.6%) was the most common, followed by Typhimurium and Agona (17.6%), Albany and Enteritidis (8.8%), Molade (5.9%), Corvallis and Schleissheim (2.9%), and others grouped as Salmonella spp. (11.8%). Multivariable logistic regression models revealed that Salmonella positivity among flocks could be strongly predicted by storage of feeds (uncovered feeds; OR = 10.38; 95% CI: 1.25 to 86.39; p = 0.030) and uncovered water tanks (uncovered tank; OR = 6.43; 95% CI: 1.02 to 40.60; p = 0.048). The presence of Salmonella in village chickens in the study area was lower than that of commercial chickens in Malaysia.
INTRODUCTION
Native "village" chicken or Ayam Kampung is defined as a hybrid, the result of natural cross-breeding between the Malay fowl, jungle fowl, and mixed exotic breeds brought in during periods of European colonization (Azahan and Zahari, 1983; Azahan, 1994) . The plumage color of village chickens varies considerably with the most common being a black-red variety (Azahan et al., 1980; Azahan and Zahari, 1983; Azahan, 1994) . In Southeast Asia and other developing countries, village chickens are mainly raised in the backyard, variously providing both a side income and source of protein for local households (Aini, 1990; Padhi, 2016) . These chickens are free to roam and scavenge for food, and are fed leftovers and other household scraps to supplement their dietary feed requirements. However, since the emergence of highly pathogenic avian influenza, the traditional practice of rearing small flocks of freerange chickens has been largely discouraged (Safman, 2010) .
Village chicken is common to many Southeast Asian countries, including Malaysia, and has always been regarded as superior in comparison to commercial broiler chicken in terms of wholesomeness and health benefits (Aini, 1990; Hassan et al., 2005) . These chickens are customarily raised with little to no antibiotics or other drugs. In recent years, rising awareness of issues pertaining to animal welfare and the drugs used in commercial poultry production (i.e., intensive production) has resulted in a rapid increase in the demand for freerange native chickens, which consumers considered to be safer and more wholesome (Hassan et al., 2005; Miao et al., 2005; Rahman and Haziqah, 2015) . Therefore Ayam Kampung products cover a larger niche market 5961 as compared to previous years because of emergent food safety and animal welfare concerns.
Worldwide, Salmonella is the most common pathogen causing foodborne illnesses, with most infections linked to the consumption of poultry or poultry products (Mezal et al., 2014; Saravanan et al., 2015; Wang et al., 2015) . The presence of Salmonella in commercial poultry, its meat, and poultry products has been well studied (Rusul et al., 1996; Najwa et al., 2015; Thung et al., 2016) . Moreover, several studies from across the globe have studied the risk factors associated with Salmonella contamination in broiler chickens (Rose et al., 1999; Arsenault et al., 2007; Marin et al., 2011) . The reported prevalence of Salmonella in live commercial poultry in Malaysia was reported at 14.9% (n = 1911) (Ong et al., 2014) . However, little information is available with respect to native chickens. Native chickens generally have considerably greater exposure to environmental elements due to having been free-ranged. In addition, native chickens are not subjected to selective breeding aimed at producing pathogen-free or disease-free flocks. Therefore, native chickens may represent a greater risk for Salmonella infection. The aim of this study is to determine the prevalence of Salmonella among the local native chickens, and to identify those factors that play a role in the perpetuation of the pathogen in these flocks.
MATERIALS AND METHODS

Study Area
Malaysia is located north of the equator, and is bordered to the north by Thailand and in the south by Singapore. Malaysia is a country divided by the South China Sea, with Peninsular Malaysia to the west, and East Malaysia, comprising Sabah and Sarawak, to the east. Peninsular Malaysia is made up of 11 states. This study sampled farms from 4 states, namely Selangor, Johor, Melaka, and Negeri Sembilan in the central and southern regions of the country. These states have a cumulative 220 village chicken farms, comprising approximately 24.86% (n = 885) of the total recorded village chicken farms in Peninsular Malaysia.
Sample Size
The sample size was calculated using Epi info statistical software (Atlanta, GA). The calculation was based on the assumption of an expected prevalence of 14.9% and 3.1%, respectively, for cloacal swabs and eggs (Ong et al., 2014) . With a desired absolute precision of 5%, 95% level of confidence, and a large population size, sample sizes of at least n = 235 and n = 56 were required for cloacal swabs and eggs, respectively. The study population comprises village chickens from central and southern states in Peninsular Malaysia. These states were selected based on a sampling frame obtained from the Ayam Kampung Association compris-ing details of all village chicken farmers. Village chicken farms were randomly selected from each of the 4 study sites using Microsoft Excel 2011. In total, 35 village chicken flocks were selected and visited from Selangor (n = 19), Melaka (n = 10), Johor (n = 4), and Negeri Sembilan (n = 2) during the study period. The majority of farms investigated in this study were from Selangor because Selangor is home to the largest number of village flocks as compared to other states in this study.
Study Design
Selected farms were contacted via telephone and an appointment to visit the farm was set. A cross-sectional study was employed whereby all samples, as well as data on farm management and production systems, were collected during the same visit. Farm management systems were categorized as either free-range, semi-intensive, or intensive. For free-range, birds are let free to roam about and scavenge, fed leftovers and other household scraps, provided with little or no man-made shed, and roost in the evening in a common area. This is the most common system used in resource-poor village households (Lawal et al., 2016) ; consequently, most native chickens are raised according to this management system. For semi-intensive, birds are housed during the night and released the following morning to scavenge. The house can vary from crude wire-meshed to more sophisticated structures. We found a sizeable number of village chicken farmers to be practicing this system. While little attention is given to chicken vaccination or other treatments in the case of both free-range and semi-intensive system, intensively farmed birds are housed throughout their life cycle and undergo a basic scheduled of preventive measures and vaccinations to guard against poultry and other diseases. Other good farm management practices, such as all-in-all-out, may also be practiced in intensive production systems. The housing type varies from cages to more sophisticated housing as seen in large commercial production systems. In general, this system is the least common for raising village chickens in the region. However, with the increasing interest and demand for village chicken products, this type of production system is fast becoming more prevalent.
Sample Collection from Village Flocks
Sample collection was performed between November 2016 and February 2018. Cloacal swabs were collected using sterile swab sticks (Oxoid, Cheshire, England), and immersed in 10 mL buffered peptone water (BPW, Oxoid). Pooled feed samples were collected from feeders located within the poultry pens using sterile polythene bags. Five 10 mL samples of pooled poultry drinking water were collected using 10 mL sterile syringes from drinkers. Eggs were purchased whenever available at the farms and packed using sterile polythene bags. All samples collected during visitation were immediately transported in an ice-cooled box to the Veterinary Public Health Laboratory at the Faculty of Veterinary Medicine, Universiti Putra Malaysia, for further processing or kept in an isolated refrigerator for sample storage until processed the following day. Flies were collected from the study sites as described elsewhere (Choo et al., 2011) .
Isolation of Salmonella
Cloacal Swabs, Flies, Poultry Drinking Water, and Feeds Isolation of Salmonella from cloacal swabs, poultry drinking water, and feeds was carried out according to the protocols and recommendations of the OIE terrestrial manual (www.oie.int) and ISO 6579:2002. Briefly, for isolation from cloacal swabs, the swab sticks immersed in 10 mL BPW (Oxoid) were incubated at 37°C for 18 to 24 h. For isolation from flies, trapped flies were processed as previously described (Choo et al., 2011) , immersed in 10 mL BPW (Oxoid), then incubated at 37°C for 18 to 24 h. For isolation from drinking water, 10 mL of the water collected from the farms were each added to 90 mL of BPW and subsequently incubated at 37°C for 18 to 24 h. Similarly, the feeds collected from the farms were first weighed to 10 g using weighing balance, after which the 10 g of feed was inoculated into 90 mL of BPW (Oxoid) and incubated at 37°C for 18 to 24 h. All samples were further processed for Salmonella identification as described below.
Isolation of Salmonella from the Eggshell Surface and Egg Yolk All broken or cracked egg samples were discarded. Eggshell surface was swabbed using a sterile cotton swab soaked in sterile normal saline solution. The swabbed stick was immersed into 10 mL Tryptic soy broth (TSB) (Oxoid) and incubated at 37°C for 24 h. For the egg yolk, isolation was done as recommended by the US Food and Drug Administration Bacteriological Analytical Manual, and by a previous study (Zhang et al., 2013) . Briefly, the egg sample surface was disinfected by immersing whole eggs in a 3:1 disinfectant solution consisting of 3 parts 70% ethyl alcohol and 1 part iodine/potassium iodide solution for 10 s (Zhang et al., 2013) . Surface-disinfected eggs were airdried at room temperature before eggshell was cracked. Egg yolks were stirred in a stomacher for thorough mixing. 10 mL of the mixed egg yolk content was then inoculated into 90 mL of TSB (Oxoid) and incubated at 37°C for 24 h.
Identification of Salmonella Following the initial pre-enrichment in BPW (Oxoid), and in TSB (Oxoid) in the case of egg samples, 0.1 mL of the pre-enriched samples were added to 10 mL of Rappaport Vassiliadis broth (RVB) (Oxoid) and incubated at 42°C for 24 h. RVB enriched samples were streaked onto 2 selective media, namely Brilliant Green Agar (BGA) supplemented with Novobiocin antibiotic (Oxoid), and Xylose Lysine Desoxycholate (XLD) (Oxoid). Plates were then incubated at 37°C for 18 to 24 h. Spherical transparent red halo colonies with typical black centers on XLD, and moist spherical red/pink colored colonies with reddening of the media on BGA plates, were selected as presumptive Salmonella colonies and further sub-cultured on nutrient agar plates (NA, Oxoid) and incubated at 37°C for 18 to 24 h. A total of 3 suspected colonies each from XLD and BGA plates (positive) were picked for sub-culturing on NA agar plates. Following incubation of the NA agar plates, triplicate suspected colonies were subjected to serological tests and further biochemical characterization as per the standard methods (Choo et al., 2011) .
Serological and Biochemical Confirmation of Suspected Salmonella Colonies For serological identification, Polyvalent Antiserum "O" was used according to the manufacturer's instructions. Biochemical confirmation of the presumptive Salmonella isolates was done as described elsewhere (Choo et al., 2011) . Interpretations followed standard recommended guidelines (Mikoleit, 2014) . Confirmation to serogroup level was by poly "O" and poly "H" (Phase 1 and Phase 2) antiserum. All isolates were sent to the Veterinary Research Institute in Ipoh (Peninsular Malaysia) for further confirmation and serotyping. A flock was defined as Salmonella-positive if at least 1 cloacal sample was positive regardless of the positivity of other environmental samples from the same flock.
Data Collection
A questionnaire pertaining to village chicken production was developed and piloted with a sample of village chicken farmers in the state of Selangor. Questionnaire items were refined based on the feedback received from farmers. Informed consent was obtained from each farmer before being administered the questionnaire. The questionnaire was written in both English and Bahasa Melayu languages. Information collected from the questionnaire included data on flock size, income level (Malaysian Ringgit), feed and water sources, storage of water and feed, poultry production system, the presence of wild birds, and other farm management practices, such as the management of sick birds, the disposal of dead birds in the flock, etc.
Data Analysis
Data was entered and managed in Microsoft Office Excel 2011. Descriptive statistics were utilized to determine the prevalence and proportions of Salmonella positivity according to the independent variables. Chisquare, Fisher's exact test, or simple logistic regression was used for the univariable exploratory analysis to identify risk factors associated with the outcome variable. Risk factors were analyzed by multivariable logistic regression models using forward Wald stepwise regression on variables with p < 0.05 from the univariable analysis. Risk of Salmonella infection amongst birds was expressed as an adjusted odds ratio (OR) with 95% confidence interval. All analyses were performed using SPSS version 22.0 (IBM, Armonk, NY) at the significance level α = 0.05.
RESULTS
Farm Demography and Distribution in the Central and Southern Peninsular Malaysia
According to the sampling frame provided, there were 222 farms located in central and southern Peninsular Malaysia (Table 1) . Selangor had the highest number of village chicken farms (n = 122), followed by Melaka (n = 85), Johor (n = 11), and Negeri Sembilan (n = 2). Although Johor has fewer village chicken farms, it has the highest density of birds as compared to the other states combined. The majority of village chicken flocks in Selangor are backyard operations, with flock sizes ranging from as low as 10 birds, to as high as several hundred. Majority of the farms we sampled followed intensive production system (n = 15, 43%), followed by semi-intensive (n = 12; 34%), and free-range (n = 8; 23%).
Salmonella Prevalence and Serotypes
Of the 35 farms screened, 15 farms were positive, giving a farm-level prevalence of 42.9% (95% CI: 28.0, 59.2). Of the 675 cloacal swabs sampled from all farms, 17 (2.5%; 95% CI 1.6, 4.0) were positive for Salmonella ( Table 2) . All 62 eggs screened were negative. The Salmonella detection rates from pooled poultry drinking water, feeds, and flies were 5.14%, 7.14%, and 5.0%, respectively (Table 2 ). According to the management practices, the percentage of Salmonella positive was 75%, 25%, and 40% for free-range (n = 8), semiintensive (n = 12), and intensive (n = 15) management system, respectively (Table 3 ). In total, 34 Salmonella isolates were recovered: 18 isolates from cloacal swabs, 9 from pooled poultry drinking water, 5 from pooled feed and 3 fly samples (Table 2 ). Of the 34 isolates, we identified S. Weltevreden (n = 7), S. Agona (n = 6), S. Typhimurium (n = 6), S. Albany (n = 3), S. Enteritidis (n = 3), S. Molade (n = 2), S. Corvallis (n = 2), and S. Schleissheim (n = 1). Other unidentified serotypes were grouped as Salmonella spp (n = 4) ( Figure 1 ).
Univariable Analysis of Risk Factors for Salmonella
Univariable analysis revealed risk factors associated with salmonellosis in village chickens. These risk factors included sources of feeds (χ2 = 5.872; p = 0.053), farm feed storage (χ2 = 9.343; p = 0.002), farm water storage (χ2 = 4.644; p = 0.031), sick bird management practices (χ2 = 6.076; p = 0.014), and the disposal of dead birds from the farm (χ2 = 3.902; p = 0.048) (Table 3 ).
Multiple Logistic Regression of Risk Factors for Salmonella
Multivariable regression revealed that uncovered feed storage (OR = 10.4; 95% CI: 1.25 to 86.39; p = 0.030) and uncovered water storage (OR = 6.4; 95% CI: 1.02 to 40.6; p = 0.048) were significantly associated with an increased odds of Salmonella positivity (Table 4) . Village chickens in farms with uncovered feeds storage were approximately 10 times more likely to test positive for Salmonella as compared to those from farms with covered storage. Likewise, village chickens from farms with uncovered water storage were approximately 6 times more likely to test positive for Salmonella as compared to those from farms with covered water storage (Table 4 ). However, while sick bird management practices (i.e., not isolating sick birds from healthy birds; OR = 2.56; 95% CI: 0.40 to 16.22; p = 0.318) fitted the final regression model, the result was not significant (Table 4) . 
DISCUSSION
Village chickens and their products have been gaining in popularity in Malaysia because of their presumed wholesomeness and safety. This study found that although the flock-level prevalence for Salmonella was quite high, chicken-level prevalence was much lower at 2.5% (n = 675). This prevalence is much lower than that previously published by Ong et al. for local commercial chickens-14.9% (n = 1911) in poultry farms (Ong et al., 2014) . This finding was unexpected because village chickens are raised with few structured disease controls or Salmonella control programs. Moreover, the farms have minimum or non-existent biosecurity measures, thus exposing chickens to various environmental elements before they attain marketable weight. However, we believe that overcrowding and stress in com-mercial production may explain these observed differences. It has been reported that overcrowding and highdensity population increases Salmonella transmission among commercially-raised poultry despite preventative measures (Bailey, 1988; Huneau-Salaün et al., 2009; Foley et al., 2011; Im et al., 2015; Ansari et al., 2017) . Moreover, high-density production leads to stress, thus lowering individual ability to resist infection (Gomes et al., 2014; Gast et al., 2017) .
Compared to other studies of Salmonella in backyard chicken, we found higher Salmonella levels than a South Australian that reported an estimated animallevel prevalence of 0.02% after screening (n = 115) pooled cloacal swab samples from 30 backyard flocks (Manning et al., 2015) . However, our estimate is lower than findings reported from West Bengal in India (15%; n = 40, Samanta et al., 2014) , and from Iran (5.8%; n = 85) following testing of 422 cloacal swab samples from 35 backyard flocks (Jafari et al., 2007) . Our findings are in fact similar to those in Paraguay (3.5%; n = 400) of 50 backyard flocks (Leotta et al., 2010) , and the central region of Saudi Arabia (2.2%) obtained from broiler parent flocks (Saad et al., 2007) . Notwithstanding, the aforementioned comparisons should be regarded with caution given various differences in the techniques used for isolation, limited sampling areas (as seen in the study from Paraguay, which used a relatively small sample size, and the study from Iran), and differences in the population dynamics of dominant Salmonella serovars in each country. Other authors (e.g., Carrique-Mas and Davies, 2008) have explained that the prevalence of Salmonella measured in birds using cloacal swabs is often low because of, among other factors, the intermittent shedding of the organism and relatively low number of organisms excreted by infected birds. In our study, more than half of the farmers surveyed during the study stated that they used antibiotics when their birds are sick, which could have probably reduce the recovery rate of Salmonella in our study. In addition, diverse age range of sampled chickens could also be a contributing factor to the differences observed. Moreover, lack of further enrichment step with either selenite/tetrathionate broth after the pre-enrichment with buffered peptone water could be another reason for the lower isolation rate observed in this study.
We recovered 8 serotypes of Salmonella enterica, with a predominance of Weltevreden, Agona, and Typhimurium. S. Typhimurium-serotypes with wellestablished histories of causing various human infections, and frequently isolated among clinical cases in Malaysia (Ministry of Health, Malaysia, 2015; Karim et al., 2017) . One recent study reported that S. Typhimurium was among the most commonly associated non-typhoidal Salmonella poultry-related salmonellosis in the United States (Shah et al., 2016) . Previous studies have not reported the other 2 aforementioned serotypes to be as predominant in ready-to-eat foods, vegetables, beef, raw meat, carcasses, or live birds in Malaysia (Rusul et al., 1996; Ong et al., 2014; Najwa et al., 2015; Nidaullah et al., 2017) . Weltevreden and Agona serotypes are pathogenic and have caused multiple foodborne disease outbreaks in Malaysia (Ministry of Health, Malaysia, 2015; Karim et al., 2017) , and elsewhere (Centers for Disease Control and Prevention, 2006; Bruun et al., 2009; Whelan et al., 2010; Russo et al., 2013; Mba-Jonas et al., 2018) . For instance, an earlier study based on clinical records sourced from the Institute of Medical Research between 1983 and 1992 reported that serotype Weltevreden was among the most predominant Salmonella isolated from clinical cases in humans (Yasin et al., 1997) . Recently, Malaysia's Ministry of Health reported on a foodborne outbreak associated with a local dish called-laksa-that resulted in 2 deaths. The laboratory results from the clinical samples confirmed Salmonella enterica serovar Weltevreden as the causal agent of the foodborne infection. On the other hand, S. Agona is among the most common non-typhoidal serovars of Salmonella isolated from humans in Europe, and was responsible for the 2008 pan-European outbreak (McCusker et al., 2014) .
In this study, we recorded 5.14%, 7.14%, and 5.0% Salmonella in samples of drinking water, feeds, and flies, respectively ( Table 2 ). The isolation rates of 5.14% from drinking water and 7.14% from poultry feeds were lower than the 36% reported in commercial poultry drinking water in Thailand (Sasipreeyajan et al., 1996) , and 22.2% reported from 36 bulk commercial poultry feeds in Nigeria (Okoli et al., 2006) . However, the isolation rates reported in our study were also slightly higher than 3.3% (poultry water) and 2.5% (poultry feeds) as reported from layer farms in Northern India (Singh et al., 2013) . Contaminated poultry feed and drinking water are critical sources of Salmonella infection and have been associated with transmission and the perpetuation of Salmonella in poultry farms (Frederick and Huda, 2011) . Although we did not find a significant association of Salmonella being present in the environmental samples, to the farm-level Salmonella prevalence in this study, several previous studies highlight the importance of environmental contamination (Sasipreeyajan et al., 1996; Okoli et al., 2006; Singh et al., 2013; Ong et al., 2014; Samanta et al., 2014) .
Other studies have reported Salmonella in eggs (Assefa et al., 2011; Murakami et al., 2013; Singh et al., 2013; Ayachi et al., 2015) ; however, our study did not. This finding is consistent with the low levels of Salmonella infection found among village flocks. Nevertheless, we screened only 62 eggs from the flocks in this study, which may be too small to detect Salmonella in the eggs.
Uncovered storage of both poultry drinking water and feeds allows complete access to rodents, flies, and the droppings of wild bird. Rodents and wild birds are known Salmonella carriers (Andrés- Barranco et al., 2014; Mustaffa et al., 2014; Matias et al., 2016; Ribas et al., 2016) . A number of studies have highlighted the role of flies, rodents, and wild birds in the transmission and perpetuation of Salmonella infection among poultry flocks and other farm animals. Rodents can carry Salmonella in their intestinal tracts asymptomatically (Zamora-Sanabria and Alvarado, 2017), and are the reported vectors and amplifiers of Salmonella in farm animals (Meerburg and Kijlstra, 2007) . Rodent droppings can remain a source of Salmonella contamination for up to 3 mo following infection with the feaces of sick animals (Davies and Wray, 1995; Zamora-Sanabria and Alvarado, 2017) . On the other hand, flies also act as mechanical vectors, aiding transmission of the bacteria from one farm to another. Heavy fly populations have been identified as a risk factor for Salmonella in poultry, dairy cattle, swine, and feedlot cattle (Vanselow et al., 2007) . Wild birds and other wildlife can introduce and disseminate the bacteria via the contamination of feed, water, or direct environmental contamination (Zamora-Sanabria and Alvarado, 2017).
CONCLUSION
We observed a lower animal level of prevalence of Salmonella infection among village chickens compared to reported prevalence among commercial broiler chickens. Risk factors for infection include uncovered water and feed storage. These practices allow access of poultry feeds and drinking water to flies, rodents, and wild bird droppings. To improve the safety of village chicken, farmers should be advised to undertake simple good management practices, such as storing feed and water in covered containers, and improving biosecurity to reduce the accessibility of wild birds and animals.
